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^£ fM-&£l- 7>x]^ Ge-Mn^l t.F^^H 7}-# cfl 

S^o] n-visl- m-v 31 5£°-^, °>^r sle^l^ IV Ge 711 

^te^Hl cfl^V ^7} ^.JlEl^cf. o]e^V ^^-£^#^: f^£r5l7> ^JL 116K ^JE 
5- "fl-f ^} €• #°fl7> SlJI fM^r^} ^ ^-S] ^^1 

*1 ^ ^O-M-, ^^eMl JL-§-3^r ^H^(tS 3d ^sH^lO^ o>^ ^-71 nfi-g-o. 

£ °1 $ afl^M 1 ^ 7l#-i- Af-g-^ Ge-Mn 

^ #3)3. ^lS^>^nf. tg^ ^o] ig-^o] Mno] Ge ^l Jl-g-s] 8 , ^ 

250 tijji;^ ^-o. ^^.^ 7} ^£1^4. 

4^1, *M|tfl ^7>i7VS ^^-^-Jl fclfe i^^7>^7]-^ ^^;flll #-g-€ 

3iL5. 7lcfl^cf. ^, ^aVE^ 7|-7l^ o.^^ ^7l^^S^ «>£^^ ^ 

£ 12 

^pjtiVE^l, ff-S^IE., wl^^ Ge-Mn ^ , ^ ^4^4 
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if-iM^S* Ge-Mn 7}^«hE3] ^]S« 0 V ^ {Method for fabricating Ge-Mn 

magnetic semiconductors with high Curie temperatures} 

5. l-Sr <4Sr ^ ^ 7>*1 Mn ^%=-8: 7>^1 Ge-Mn ^ X-^d 3^ 

£ 2^ -g- ^ofl 4Sr *fl2:^ Ge-Mn ^g^^H «1*11M Mn ^-^1 ^ £ 

M-BfhH ZLEfl^olrf. 

£ 3£ £ 42r Ge-Mn ^^-^ ^7)^ ^-§- ^1*}7l ^tb 

WH^-^I £51^ €r^* ^EfMl H2flHo]^f. 

£ 4 ^| E ll^r ccfer *flM <*|£l 7>x] Mn 7 r ^} Ge-Mn ^g^^H 

tfl*H 7.}3t7\ -£5Lo\} ^S^Kr 7)l§-$r M-Bj-vfl nS^l^. 

£ 12^ t^E]- aflS^ ti]^^ Ge-Mn ^"g^eHH ^-&S.7} Mn 4^ 

£ 13£- ^ ^ofl i4er ^lS^ Ge-Mn ^^(5K) * r 7H3 ^#4. q. 
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< 7 > ^ o. jv^. tij-i^o] Ge ofl 3 d ^oj^-^o] Mn^: ^7>*V Ge-Mn ^S^ofl 

W ^J°14. ^-4 ^Ml^>7fl^ nl^l^-s^- ul^^sfsl-ji Mn U"^* ^ i-g-Al ^ _o s.*] ff-e] 
37)1 f7M?J ^ Ge-Mn ^ tiV£*fl afl^^ ^rtb ^°l 1 =f. 
<8> J=Lc>| (Moore) 2) ^^.S. £ ^Bl^ ^o] tiV^^] ^s^S. tflssjfe- #*Bi*rxr 

<9> ^^V^f 7l#Sl *J}^ ^T^} 7Wb JI*}^^ ^^O] O^^fl^ 

$1 ^Hl #-§-*Rr ^Jolc}. ^7fl Si ^T^*} 7l#^r ^7>^1 J7*i<**}-3 ^^ol 

* ^l^*>7l 4]*fHfe- tiV£^lfloll^ ^7>51 ^^># Til ^Rr 

7l^ofl ^7>*H ^7>ol ^-g- TlH^ 7l#<>l ^^>Cf. 
<10> ^7>S1 i^Tflol 7l#^^ o]S- ul S. ^ ol cf. o] ^ofl^S. ^ 

7l#ol ^jl^tf. $%\^-s}t£ tiV^^l ifloflAl ^(coherence) ^°l7}- 4 s 

^ /mi ^£1 nfl-f 3^ _ g:^. i^^- £ 7 ]^ ^^0.5. #*l*Hr 7l^ol *t ^ 
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<n> SKESIH i^-i- ^ 0 J^7l 7># a||°>^ ?H Tj-x}^ ol-g-^ 3 0 1 

^2:^ ^^7> #*>>8 ^-g- -f-^Kr ^o> ^jgo) «-^-ol <|HM-^, °1^M1 i^oj 

*Ke*I|s ^33^- 3i°ltK 

31, °le^ n ^-g-sj ^ €3-g-£- 50 % vfl<qo]cf. ^ ^oj_g. 

<13> ^1^-2)-^ ^ Tj-^ ^-^/tiVi^S. 5>olti.elc ^S<HH M^fl^l 7ltfl6fl 

s. nl ^- ^^oi °1 &i ?v ^-i-ol ^7H1^ ^-^l ofl* -i- 

e^-^^l °fl* ^4 SJr5.*fl « = ^2:^ -^SsKmismatchH 7l°] 

<i4> *M3*K£*fl*r o]e\i& ^^1» Sfl^*>7l ^tb S>t+<q ^ojcf. ^^o.s, ^/ 

«V£*)1 «5Hti^j= ^s^H 7j-7>^ ^ cflA]^ *H3 ti>H^# ^V-§-^ ^^m. 27>^1 
7V^a>£^l7> %^>tii <a^sl Jl ^^t-fl, *>i4^ n-vi^r ^^S^H, *}M^r 

<is> n-vi ^ ^tiis^i^ Jl#^1 t|^i ioo Ml ^ ufl^. 

#JH4 ^el^r£7> nfl ^-o> oBsfl °l*HHi& o] b] ^ oj ^Jo^TiM- *fl-f ^ 

X>7l^-i; 0] 7 f^ ols^V JjL^ S-^ol <gO^^^ Cj.^ 7 >^J1 ^Cf. «_> 

^°il 3e 7ii^ m-v^ «>£^l^ n-vi^Hl v)*i<q ^^7} ^^1 cfl^ 
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<ie> ^te^l oj^g-tr n-vi ^ $J m-v ^ «K&3H #3 

Sl^AM-, ^*fl ZL *£3]7\ 3.7]) ^cfl£)jl o^cf. 7}^ tfl&^«?l 3 °1 IV ^ ^SLU] °H , °1 

Ai£ Ge-i- 7ly>o.S ?}- ^r£^l7l- ^ZL ^cf. m-V^ xH§«K£*H<4 -fi-A>s}7fi Ge^fl 

3d ^1°1^* $7}®°.^ #*}^ ^^}J17} *}^c-ll, &°]^°] Mnol 

<i7> 11^14 GcHl Mn^ -H-g-£7|- nfl^ #71 nfl£-ofl tH^£] Mn* JI-§-*Hr d H-t- 'H^-t- 1 ^ 

o}&H f^^s. ^oj^t-ll 3M|7> £]J1 ole^ g.*H* ^TM^-y) Y. D. Park 

^ *i£r MBE «o v ^# A>.g-^>«cf. o)e^ h o v^^. Geofl 3.5 ^7\%9] ^ .n-g-*Kr 3} 

°1 w>7> ^i=f[Y. D.Park et al . , "A Group-IV Ferromagnetic Semiconductor: 

Mn x Gei- x ". Science 295, pp. 651-654 (2002)]. °] ufl , ZL-g-^ Mn tr^l fr^ 
#£rSH} q# 116 K ^"Tfl ^4. 

°1^J17> 7)^X\ J^j] 

<i8> nJ-aM, £ Aj- 7 i*j. ^fl^ Sfl^*>7l ^tr %SL£.*\ -=-3^ Ge^l t\ 

Mn* ZL-g-A]^ ^-e)^£7> 7^-7}^ tiV£.^# ^l^rMl 01 cf. 

Ge-Mn ^# ^flS^cf. MiH ^ ^-rr^ Ge-Mn 

^efliL^f 1^ fr^-£-E7 r ^^o^ o}^ ^7H ^7}*M £S|-7}S}- SfV # 
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<20> #71 «b s-aj-g- ^*>7l ^tr 7l^^ a>#o.s.^ -g- ^<H| 4-^, ^ 

5Hr Ge-Mn^l ^w>S.^l^ aflilHH 5U°H , Ge ^H*H$r Mn *V3#4^ 
aV^M Ge-Mn th^-i" ^Tfl^ #7fl ; ^ <I^*K co-thermal evaporation)^ 

*>-§-*H Ge «V£^11^ Mn *f ^ ^ofl y^ 7 \ r}s ^oflui^l- 7>^fl^Jl, ^X\^ Ge-Mn 

^ ^flS^ ^Tfll- 5L^-*Rr ^-i: S-^^-S *rfe Ge-Mn *M^^1 ^12:^* 

<2i> o] nfl ( #7l Ge-Mn ^ ^^(single phase)^- ^l*r^i ^ ^(0 ~ 48 

^^>%)o] ^^o. iW7] tj-^-s] y]^^ *1 71^ 3* ^ 

< 22 > oi^> ( a. <^H cfl*V ^ ^ zl ^^-tr ^Hl*l 

<23> < ^ ^Al^ > 

<24> u^o} ^AHlofl oj-s]- ^ Ge-Mn ^H«>£^» A}-g-<g 

^a] ^lS-^i -S-^H ^ 5-^1 M (thermal sourceHH ^]£t ^aI?]^ « 0 > 

°1] ^*fl 1^.^ #2! ^(evaporation) ^ ^SKsubl imation)^! 

1°1 7>*M ^^Hr ^7rM^°l ^ ^1^1 ^2r<y^l^ J±B<i a]^ 
#M 4^ AA ^BKHrHl, X|jLiEL A>-g-^ Ge, Mn^ ^-f, Ge£r ^ *A 
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<25> o] rtfl, ^.b^ ^v\)7\ 0.3 mm'?! ^<H*l ^^-S, Q*\]<i\ ^.o}g\ ^o}±- 

AA 100 mm % 10 mmo] Jl, ^3.7\ ^A^k -r-^ ^l^r AA 50 mm ^ 2 mm^l^ 

.-¥■711^ iEo]| zfz}- Ge Mn aIjl-I- ^ IHl ^lM^l* 7}<5>^i:-l) , j=l ^ 

H. A>oi^ 7^ ^ ^ 65 mmS. ^1^>^4. Ge-Mn ^--g-^-g- A^\A 5)*}^ AA 

2] a]^7> ^i^l j±H^l A7] H7l^ ^-ft- ^sM?H <?17H1-^^-. 

^ Si (100), p-type A>-g-€r>^ji, 7^4 180 mmS. -fr^r^. ^l^ 

2: 2 xiO-6 Torr °}^}S. 5>^J1 ^-^^ 0.1 jam ~ 1 //mS. ^l^s>^cf. 

<26> ^HH^r £o] ^v^oflA^ ^ <i^S]-(co-thermal evaporation)^* 

Geioo- x Mn x ^ ^A^r *\)^}SX^. ^A^\ xtt Ge-Mn o^Til Mn^ f-^* € 

7>%S M-EfHH 5Jolr4. t^o^ 0<x<48^cf. u]X]] x - 

^ ?ASLS_¥-z] -g- Ge-Mn A A ^r, ™\A A 

.2:^1 Ge-Mn ^ ^£ ^^S. ^^c}. 

<27> ^ l-^ ^o\) u^A 4^ Ge-Mn ^ X-*i 2)^ ^ i^^cf. E 1<^H 

33i^ 69.E 5]^ ^1 7l^o.S. ^>-g-^ Si^l ^tb ^°l^f. 

<28> ^. ig-t^ofl nj-El- al^^ Ge-Mn ^# «1 *\ 4^V^* A>-g-^ 2=^^.0^ 

£ 2<HH^r ^€ til^^^l Mn ^Hl 4^ ^^-^ ^Efxfl^cf. Mn°l ^7} 

3*1 ^ w]^^ Ge^l 135 m^cm^, Mn ^<>1 #7}^^ rtj-e}. Mn tr 5 * 

45 €7r%°lH 0.478 m£cmSl iL°lt}. fe-gr Mn ^-f , ^ Mn 30 ^^}% 

tiVrt-.o. £ j= 1 m Qcm^*fsl M-El-vflZL Mn ^ ^5fS. n|]Jf 

Blnl*>7ll M-EfU-^- oy- ^ fltj.. olei*l til^^ t^^o. tij ^ ^ ^^^^ ^ 

19-9 



1020030007079 #^ <£?•}■. 2003/9/26 

^ofl nj-ej. ^1^^ «1>§^ Ge-Mn ^g-«f^S] #713 # ^ 

^r^ofl r^.^ ^l^s} h]^^ Ge-Mn ^ ^7l^^.S. «VE*)l<y^- ^ 5^. 

<ao> a. ^6jj icj-e} u]^^ Ge-Mn ^ ej^s] S^r^l SQUID* *}-g-^ 

<*l ^rSUj^-g; ^^cf. £4^l£ lHfe- ^ si 7H Mn ^-*?H) cfltt 

cfltb ^4* M-El-^cf. n 7>7l^ 1.5T5. ^^^|-7fl °I7)-*V ^-Bflofl^ 

^g^rSl^, 7}s}-^ ^£ 5} en] cfl^V ^^S^-Ei ^^r5S4. 

^ ^>2}-^£.-l ^ilS 3^, ^£-15] ^Sj-ofl cH*V 7>2|- 

<31> £ 12ofl/.i^ o) 5r) jg.^ f?-S]-8r£7> Mn ^ 

<32> £ 130^^ w]^^ Ge 67 Mn 3 3 ^ MVni-ofl 5Ko1 j ^ ol ^ ^c^c)-. 

<H^1 is(-7>2}-^ 155 emu/cc^SS., °1 ftg. Ge-Mn ^ &<>H 7)^°)} S 

2^-^>2|- 30 emu/cc[ Y.D.Park et al . , "A Group-IV Ferromagnetic Semiconductor: Mn x Gei- x ". 
Science 295, pp. 651-654 (2002)]<^1 «l^fl ^ 5«fl ^ ^olcf. ji*}-^ 2000 Oe ^ 
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<33> olAj-ofl^^ ^-ol M^ofl nj-aig, 7 }2,o\) TttS.& xW&S.^ tfltb ^n^^l"^ cfl 

<34> ZLeiM-, ^6)) 14s ^ w>5^ Qo) Mn ^ i&SEafl* cj-^^o.^. 

Ge-Mn *H«K£*im ^ jL-fi-$ ^-g- ^-g-^ Afls.*- 

Al2ES*l *>Afltfl ^^ZL i^^> ±.x}3i\ ^1 7lcfl^ 
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1] 

fe^r 5^ Ge-Mn 31 ^«>H^^ *fl2:« 0 i-«H 91°]*], 

Ge ^KE^ Mn *H^^ 1^^^ ^-g- £<3*H Ge-Mn ^£ -£7fl*H= #31 ; ^ 
^l ^^^-(co-therraal evaporation)^-^ ^>-§-^>^ Ge i&;E*fl£)- Mn *h$^HI A?\ 

€■ 7>Sfl^Jl ) #4*}-^ Ge-Mn ^ ^-§- *flS*Kr ^Tfl-I- 5Ef-*Rr 3J-g- 

^Kr Ge-Mn ^flS^ . 

[3^8- 2] 

l<*fl ^-71 Ge-Mn ^ ^^(single phase)-g- -fr^r 1 ^ ^ 

*>fe Ge-Mn *H3 ^3E.*I1 ^l2:« 0 v ^ . 
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[51 9] 
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[51 13] 
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